a2 United States Patent

Johnson et al.

US009725752B2

10) Patent No.: US 9,725,752 B2
45) Date of Patent: Aug. 8, 2017

(54) RESONATOR AND PROCESS FOR
PERFORMING BIOLOGICAL ASSAY

(71)  Applicant: THE UNITED STATES OF
AMERICA, AS REPRESENTED BY
THE SECRETARY OF
COMMERCE, Washington, DC (US)

(72) Inventors: Ward L. Johnson, Louisville, CO
(US); Danielle C. France, Golden, CO
(US); Teresa L. Kirschling, Golden,
CO (US); Fred L. Walls, Layayette,
CO (US)

(73) Assignee: THE UNITED STATES OF
AMERICA, AS REPRESENTED BY
THE SECRETARY OF
COMMERCE, Washington, DC (US)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 15/236,943
(22) Filed: Aug. 15, 2016

(65) Prior Publication Data
US 2017/0044589 Al Feb. 16, 2017

Related U.S. Application Data
(60) Provisional application No. 62/204,645, filed on Aug.

13, 2015.
(51) Imt.CL
CI2M 1/34 (2006.01)
CI120Q 1/18 (2006.01)
(Continued)
(52) US. CL
CPC ..o CI12Q 1/18 (2013.01); BOIL 3/502
(2013.01); GOIN 29/2437 (2013.01);
(Continued)
a) 101

/—\ ~ 102

X {
. ) AP T
Y, 152 156 104 154

e
e

e
b 101 W3
158 160
T1 150 104
L )
T

T2

102

w1
w2

i
AN B4 "I
./ . : K

(58) Field of Classification Search
CPC ....coonueeeee C12Q 1/18; GOIN 29/2437; GOIN
2291/0255; GOIN 2333/245;

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS

4,554,717 A 11/1985 Vig et al.

5,135,852 A * 81992 Ebersole ................. C12Q 1/04
435/34
7,802,466 B2* 9/2010 Whalen ............ BO1L 3/502776
73/54.41

OTHER PUBLICATIONS

Baer et al., “Phase Noise Measurements of Flexuarl Plate Wave
Ultrasonic Sensors”, IEEE Ultrasonics Symposium (1991), pp.
321-326.*

(Continued)

Primary Examiner — William H Beisner
(74) Attorney, Agent, or Firm — Toby D. Hain

(57) ABSTRACT

A process for assaying a biological sample includes: receiv-
ing a reference sample by an acoustic article including: a
resonator including: a substrate; a piezoelectric member; and
aphase noise detector; disposing the reference sample on the
piezoelectric member; producing a reference phase noise
signal; detecting the reference phase noise signal; disposing
a biological sample on the piezoelectric member; producing
a first biological phase noise signal; detecting the first
biological phase noise signal; contacting the biological
sample disposed on the piezoelectric member with an anti-
microbial agent; producing a second biological phase noise
signal; detecting the second biological phase noise signal;
and analyzing the first biological phase noise signal, the
second biological phase noise signal, and the reference
phase noise signal to assay the biological sample.

16 Claims, 37 Drawing Sheets

—~—102

pane
P

T f —~—170

102

152

WL



